The mobilities and attachment rates used in existing EMP codes generally lie within the uncertainty ranges of the best current data. 1 In a gaseous mixture we may write
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where N. is the concentration of species i (i=1,2 .... ) , and V (v) is the specific momentum exchange frequency, per molecule, for electrons of speed v interacting with molecular species i. For application to nuclear EMP, the species of interest include nitrogen, oxygen and water vapor.
As far as we are aware, the most recent and comprehensive review of the 2xperimental data for the relevant momentum exchange frequencies is that published by For example, the EMP models assume that the electron mobility in a mixed gas may be calculated as
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Ni mi where the averaged momentum exchange frequencies have been correctly calculated only for the pure Maxwellian gas. To illus trate the type of small but nonnegligible error involved, we have plotted in Figure 1 the mobility of thermal electrons in moist air, as obtained from this approximation, and as obtained from the correct averaging process. It may be seen that the two mobility curves differ by up to %25%.
Within the context of such approximations, the average electron energy, E, may be calculated as In Figure 2 we have compared the electron energy calcu- It is also useful to compare the mobility predictions based on Phelps' compilation with some of the most recent experimental measurements. This is done in Figure 4 . The measurement of electron mobility for thermal electrons in dry air, The more detailed theory of attachment, developed by Herzenberg [9] , allows some insight into the dependence of the rate coefficients on the characteristic electron energy.
In the first step of attachment, the formation of 02 , the colliding electron-oxygen-molecule system must have the same total energy as one of the accessible (v'=4,5,6,...) vibra- 
where k , is th, twi--Irate coefficient with mono-energetic where K is the two-body rate coefficient for collisions x between species X and 02 and where . xv is the fraction of collisions between X and 02 (v') which lead to stabilization. A.
x,
to be much larger for some higher level (v' > 4) than for v'=4, one expects
Thus, the dependence of the rate coefficient on the characteristic electron energy (hT e ) is indicated to be approximately the same for all third bodies for kT < 0.1 eV, and e determined by the electron temperature dependence of the distribution function evaluated at the first resonance (0.09 eV). This is a potentially very useful observation, for it suggests that one need measure the rate coefficient for any given third body at only one value of kTe< 0. It may also be the case witn the nitrojen molecule As a third body.
In the opposite extreme, certain third bodies may have a very high stabilization efficiency (Cx' 1.0) for all of xv i_ the lower-lying energetically accessible levels of 02 (e.g., v'=4,5,6).
Comparisons of theory and data [10] 
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The above theory implies that the ItnctInI 'lo 1JL9snuence the rate coefficient k on the caracteristic lectron eneroy kT would aqain be identical for all such thirlI hodies, e althouqh deviatinn from the simrpler fo-m of F>Taton 3 when kT / 0.1 eV.
DATA FOR DRY GASES
It is interesting to test these conjectures by comparison with experimental data. This is partly done in Figure 5 , The measured curves for kC2H4 and k C26 (which are essentially identical) are from the daLa of Goans and Christophorou [15] .
It may be seen that, with the exception of k He, the simple theoretical curve shape is in good agreement with the measured values. The slight deviation for k 0 at kTe > 0.1 eV has been Quite recently, an additional set of data has become available from the measurements by van Lint and Price [7] of electron attachment in dry and moist air, mostly at P = 0.25 and 0.5 atm. We have plotted these newer data for dry air in Figure 7 (as the solid lines) separately for P = 0.25 atm and P = 0.5 atm. For comparison, we have also plotted in Wased on the preceding theoretical discussion, it would appear reasonable to assume that k 2 2 varies with electron energy in the same manner as ko, kN , and the other rate coefficients.
11owever, the exact form of this variation is uncertain, because of uncertainties regarding the correct energy scales and regarding the effects of background gas pressures. Moreover, the application of this simply theory to 1120 stabilized attachment may be questioned, since Equation 3, which implies that k[ 0 /ko-V. 0/1 0 Tives a predicted upper limit for 2 2 2
21.
1"7 kH20 of 3 times (about half the observed value), using K 10 -9 cm 3 /sec [9] and assuming KH Ois not greater than the H 22+ N2 H collision rate, 2.8 x 10-cm /sec [21] , since the ion-dipole interaction and the masses are essentially the same. It is useful to compare these possible forms for kH 2 0 with actual measurements for nonthermal electrons. Until quite recently, the only available data, as far as we are aware, have been those of Hibner and Klett [22] taken at E/P = 5 x 104 V/m-atm in nitrogen at 760 torr total pressure with up to 2.5% oxygen and up to 2.3% water vapor. Using Phelps' compilation of energy and momentum exchange rates, we estimate kT e -0.40 eV for the dry N 2 and kTe -0.16 eV to 0.24 eV for the 1.4% to 2.3% water vapor mixtures. It must be kept in mind that these estimated electron energies in moist nitrogen are very uncertain and may be too high [8] .
To estimate electron drift velocities needed for converting Hubner and Klett's basic data into attachment frequencies, we use the moist nitrogen data of Hurst et al. [23] , which are also reasonably consistent with predictions based on Phelps' tabulations. to 0.24 eV. These data points are also plotted in Figure 8 as®.
From their very recent measurements of electron attachment in moist air at low E/P, van Lint and Price [7] infer a value of kH20 1.2 x 10-2 9 cm 6 /sec for thermal electrons. This value does not conflict too strongly with the other measurements cited above (which were at zero nitrogen pressure).
We have also examined the basic data in their published form, and have concluded that they probably are not inconsistent with any value of kH . in the general range of about (1.0 to 1.8) X 10-29 cm /sec. 2 We have plotted van Lint and Price's data point in Figure 8 as the open circle. Although van Lint and Price have also published measurements of attachment for nonthermal electrons in moist air, they have not attempted to infer values of kH 2 O for nonthermal electrons from these data. We have made only a very tentative effort to extr7ae-t values of k H20 at elevated electron energies from van Lint and Price's measurements of attachment in air with 2% water vapor, and have found that the uncertainties in electron energy, in the effectiveness of oxygen as a third body at elevated enerq.ies and nitrogen pressures, and in the data themselves make a consistent determination of k vs kT very difficult. A more complete analysis of these measurements would probably provide better results, although the uncertainties in the data, in k., in the mean electron enerey and possibly also in the energy Aistribution Function wouldl still limit the accuracy achievable.
ADDITIONAL PROBLEMS
The preceding discussion has assumed that the autodetachment for sea level moist air.
Using the "nominal" values K02 02,4--9 3 10 cm /sec, with KH 2 0 1}120,4 6K 0 2 02,4 and KN 2 N2,4 -1/40 K 0 2 '02,4, we would obtain a collisional stabilization rate for sea level air (at 273 0 K) with 0% to 2% moisture of (5 to 9) x 109 sec -, quite close to the "nominal" value of T 4 If collisional stabilization of 02 should really be this rapid compared to autodetachment, then the net rate of attachment would be limited by the rate of formation of 02, so that it would no longer increase like P at high pressure.
Such a saturation effect has not thus far been reported, even though measurements have been made (separately.) in oxygen at up to 150 torr [24] , dry air up to 600 torr [17] , nitroqen up to 10,000 torr [16] , and 2.3? water vapor (in sea level nitroaen Baum has estimated the rate of energy equilibration for electrons in sea-level air [3] and has concluded that eauilibration is typically much faster than attachment, so that equilibrium electron energies may be assumed. However, Baum's fits to the energy and momentum exchange rates do not do full justice to the data at kT ! 0.1 eV. Therefore, we have pere formed a few additional calculations. We find that nonequilibration may increase the effective attachment rate at E/P _ 3 kV/m in 0.5 atm air by up to perhaps 30% at moderately early times, due to electrons attaching as they pass throuqh the energy region of maximum cross section. This is in the wrong direction to explain the differences between the 0.25 and 0.5 atm data.
The effect of nonequilibration may also be present in some EMP situations, though only at low E/P in dry air near sea level.
ATTACHMENT RATES AS A FUNCTION OF E/P
In practical EMP problems the electron attachment rate is usually needed for specified values of E/P and air moisture I content. Given the latter parameters, the attachment rate can be calculated by first determining the mean electron energy for the conditiuns ,! irt r("t. Also included on these figures are curves based on the more recent energy-transfer values of Phelps [2] (see curves (3) and (6) of Figure 2 ), on the attachment data of McCorkle et al. [16] at high N 2 pressures (see Figure 6 ), and the relation k 1 } 2 0 = 7 k from the thermal electron data [18] [19] [20] . 02 4 The resulting attachment rates below about 10 V/m-atm are nearly constant, like the measurements of van Lint and Price, but are 309 to 50, larger, while at higher E/P values they cross over and become lower.
Overall, the agreement is not significantly better than for the Lonqley and Longmire curves.
A fourth set of curves is also included, based again on elec- in view of the uncertainties in the measurements, such an adjustment does not appear to be warranted at the present time.
